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SPMEMIUH H[lITEDH SOURCE
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Content SN

SPM[MI N N[lITEDN SOURCE
LR 4

Motivation

Mechanism of trailing
edge multipacting

» Important factors related to Multipacting
> Longitudinal beam profile
> Transverse beam shape & size
> Beam intensity
» Chamber size

> Beam in gap
> Peak SEY and Energy at Peak SEY
» Electron cloud in magnets & Quadrupole & Sextupole
magnets

» Electron cloud clearing with solenoids & clearing electrodes

L. Wana 13th ICFA Mini-Workshob 12/12/2003 2 BNL



Motivation ,,é NS

Hﬂ [lITO SOURCE

» What is the mechanism of trailing edge
multipacting?

» Which factors affect e-cloud multipacting?
And How?

> How to Clear electron cloud?

> Why e-cloud is important in some accelerators,
but not in others?

L. Wana 13th ICFA Mini-Workshob 12/12/2003 3 BNL



3D PIC Program--- CLOUDLAND “éSNS

CLOUDLAND is a complete 3D PIC code for e-cloud ~ | ~
initially developed for KEKB (PRST-AB 124402)

Program model @O @ OO i

e’e oo °® oo o . i
o oo 0 © % i 2a
*PIC methods 7 ".ﬁ 0, Cmmm—
X o ® o o h 4
)

Pulir SR W
Magnetic and electric field oh : Solenoid &

*General 3-dimensional fields given by expression. magnets

*Fields can also be import from other program using table
Beam potential

¢ (Gaussian bunch in round chamber ( image charge is included)
¢ PIC method for general geometry

Secondary emission and reflective electron are included

L. Wana 13th ICFA Mini-Workshob 12/12/2003 4 BNL



Particle Mesh technique applied in the Space charge potential solver

SPMEMIUH H[lITEDH SOURCE

B Three dimensional irregular mesh to better 5
represent the general chamber geometry

F handle accuracy with high order elements.

I
o

0.4

—
)

Mesh of chamber

S
(1 11) i 1',_7]_ F I . ; .
o d L : :
Fe11.y 6 el0 3/ (111
99,0 CLLeD) 4/(,,)
o £
FJ
7 1 2 3 /
L™ et
(-1,-1,-1) (1,-1,-1)

20 node element

Charge aSSlgnment 505.0 40 30 20 -10 “6” 10 20 30 40 50 0L, o, tfesescr” .
X (mm) 50 40 30 20 40 0 10 20 30 40 50
X (mm)

Ql. =N, Qo >N S | Real charge distribution ~ Meshed Charge distribution
i

L. Wana 13th ICFA Mini-Workshob 12/12/2003 5 BNL



Classification of electron multipacting Hé N

SPMH IOI| N[lITEDN SOURCE

If an electron can oscillate many times under the bam force
during the passage of one bunch, then the bunch is called

long bunch
>>1|

Long bunch (Single bunch multipacting): PSR, SNS,JPAC,
ISIS, ESS...

Short bunch (Multibunch multipacting): B-factories, PF,
NLC damping ring, SPS, LHC, RHIC,.....

L Wana 13th ICEFA Mini-Workshobp 19/17/2003 6 BNL



Source of electrons ng NS

Primary electrons

SPMEMIUH H[lITEDH SOURCE

Table 1 Parameters for the SNS

> Photon-electrons Parameter Description SNS
(electron machine & LHC) E (GeV) Beam energy 19
> Beam loss at the — i
chamber surface (PSR, ¢ (m) Circumference 8
SNS, ISIS, ESS, JPARC) N, Bunch population 2.05x104
» Residual gas lonization a,,a, (mm) Transverse beam size 28, 28
» Stripped & scattered
T, (nS) Bunch length 700
electrons
b (cm) Beam pipe radius 10
P, Proton loss rate/turn 1.1x10¢
Assumed proton-
Y electron yield 100
L. Wana 13th ICFA Mini-Workshob 12/12/2003 7 BNL



Secondary electrons ﬂé NS

SPMEMIUH H[lITE'DH SOURCE

Secondary emission y1eld

1.8+

16

14+

1.2+

0.8

0 >R required for multipacting

0.6
04" courtesy P. He, M. Blaskiewicz

0.2+

|

I

|
0 500 1000 1500
Incident electron energy [eV]

Key parameters for Multipacting (Strong energy and SEY dependence)

» SEY depend on the material property of the chamber surface ( peak SEY
and energy at peak SEY)

- » Beam-electron interaction dependence (beam pattern, bunch current, bunch

[

~shape, bunch length, chamber size...) ]



N

SNS beam transverse profile shape

> Square shape resulting from correlated painting dur'ing the injection.

> Inclusion of the space charge causes rapid diffusion in azimuthal
direction and results in round beam shape

> Electron Multipacting (energy at the wall surface) does not depend on
transverse profile

Space charge field of uniform cylinder beam

(A 2 (r>a) A0 (1+2ln£j (r>a)
drg, r 4rs, a
E (r,t)=1 U(r,t) =1 )
r A0 2r (r<a) A (r<a)
dre, a’ dre, a’

Nonlinear Hamiltonian of the radial motion

2

H = P + eU(r,t) The longitudinal beam force is neglected
2m

L. Wana 13th ICFA Mini-Workshob 12/12/2003 9 BNL



Nonlinear Oscillation Period and Adiabatic invariant

Nonlinear Oscillation Frequency

SPALLATION NEUTRON SOURCE

‘ T T T T
\ —— Orbit

80 N\ === Amplitude 1160
S === Frequency /
o o 60 || [Py _mel 140
_4 O J- E‘ 401 WW nn :;tl'.’.l.’.. p—— ..:?-\.i,: -'T Wﬁﬂ —
) \/2CDe/m = ¢ N 120g
< 20r / é
=) \
e I o dr s o g
™| JV2aarcsin + I E ol lgo S
r_ \/1+21n( Vo @) In(r,, /7) 3 ! g
T 40 d lso I
2ma 27, m (t,. <a) “ 6ol U#L Nl
Je e . | /T ranges 20~140MHz ™
/; Ay
Adlabatlc invariant 199 100 200 300 400 500 600 700
J Drifting Time [ns]
iz @, (if t>20ns and t<680ns for SNS) Oscillation amplitude and frequency
> dt
LANL PSR
J = 35pdq
2 beam spectrum
-
ﬂ’Tamp me/l (I" < Cl) E 50""1 50MHZ
a \ 2, o z
a G 3 |
4a mel —2x1/2 + I+ 2x arctg 1 +—2 j In 2 gy (Fyp > @ courtesy
2rg, | 2 2 V2x  a / r
] | Robert J. Macek
x=lIn(r,,,/a)
L. Wana 13th ICFA Mini-Workshob 12/12/2003 10 BNL



Oscillation amplitude from adiabatic invariant

AN

> Contour plot from adiabatic invariant
cag clearly descript the electron
orbit

> All electron emitted (including gas
ionization) before the bunch center
or survived from last bunch gap can
be trapped (inside beam for the
survived electrons) during the bunch
assage and are released at the
unch tail. The trapped electrons,
most of them are the survived
electrons from the last bunch gap,
contribute to beam  dynamics
(instabilities)

> All electrons which emitted from the
wall after bunch center will directly
drift to the opposite of wall surface.
The straight drifting electrons
contribute to multipacting due to
their short drifting time &hi?h
energy when they hit the wal
surface.

= =
SPALLATION NEUTRON SOURCE

= N

100 gy

_

'l 'l 'l 'l 'l 'l “
0 100 200 300 400 500 600 700
Time [ns]

Contour plot of the oscillation amplitude
resulting from adiabatic invariant for SNS
beam

L. Wana 13th ICFA Mini-Workshob

12/12/2003 11 BNL



Particle motion vs. instability & multipacting SNS

SPMlA‘Lﬂ N[lITEDH SOURCE

Typical orbits of 100 ‘
various electrons g0l f
SNS
gzgr?\e,dboldbgolid I:\rl1e 60 . i
;hnogv;ftlSJdinal be;hri 40+ ‘I HH !‘ H!\H H"W”i” ! ,
profile shape and Hol " TP ’ | H l ‘ } it gl h i
E?:?Sdh?v*v‘?ﬁe poar £ ° ‘a’ul' ”‘ i \Z (L || h”f'! \
> nmm TN 'u
_ I i \HMHM . Electrons by
5 lonization

o % (beam

s primary eloctrfn WA S instabilities)

0 100 200 30 400 5(50 6(50 700

. ~ t[nsi_ J

Electrons survived

from the bunch Electrons emitted

before bunch center
(trapped and lost
_after bunch center)

L. Wana 13th ICFA Mini-Workshob 12/12/2003 12 BNL
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after the bunch
center(multipacting)

gap(beam
instabilities)




Energy Gain of straight drifting electron &
Mechanism of trailing edge multipactin

AN

SPMEMIBH H[lIIEDH SOURCE

Assuming the beam line density is a linear function of

time during the short electron drifting time(~10ns) Ad = Z—/IA Z—/IC,BAt
4 /4
1+21n(r/a)
=—— a(2¢ —1)arcsin—+a 21n +f
\/ ﬂc( Eo=b \F gj ln(b/r \FJ In(b/r) J%D
¢ =1+2In(b/a) Also see other expreSS/ons byM Blask/eW/cz J. We/ et al
a: beam size, b, chamber radius, A is - Eﬁ:ﬁg;’;ﬁfﬁebyana.ys,s method )
beam Iine density g 350,: grée\z(rgygambynumerlcalmethod T
Longitudinal beam profile factor E 300
E 250/ |
Q 14
% 200+ g
S 1.2
» Good agreement with numerical 3 15
method < T
» Calculated SEY can be used to 5 1o los
predict the multipacting directly g ERigdlt
w L&A . ‘o R
» Adiabatic motion and Energy gain P ki s
can explain the mechanism™ of

“t+raili ng edge multi pGCTOI" 950 400 450 500 550 600 650 700"

Emission Time [ns]

L. Wana 13th ICFA Mini-Workshob 12/12/2003 13 BNL




E-cloud in drift region

SPALLATION H[lITEDH SOURCE
| il @’H

» Single bunch multipacting

» Trailing Edge Multipacting

» All surviving electron from the last gap are trapped inside beam during
the bunch passage (Contributing to beam instabilities)

» Bunch gap is important for beam dynamics

15 T T T T T T T 4
= Beam shape [any unit]
==e= Electron inside chamber
—— Electron inside beam
————— Electron loss on wall

At

Electron density
Electron density

o = oW

« t=560ns

>
>

(&)}
T

Electron density

Eelectron Line Density (nC/m)
N
Eelectron Wall Current (A/cm2 )

3500

3000

1500 2000
Time [ns]

" E-cloud build-up in SNS drift region E-cloud distribution in airrerent ume
L. Wana 13th ICFA Mini-Workshob 12/12/2003 14 BNL
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Ecloud in PSR

)

SPALLATION NEUTRON SOURCE

300 : : : T T T 2
== Beam profile I I I I 16 T " : 1
—e- Beam prpfile Factof ! ! A = Beam profile [x 20 nC/m]
250 Mlases= Energy -~ _ [ S - — - s Y- - - 18 —e— Electron inside chamber ||g g
| —- SEY ! ! ! 14+ —o— Electron inside beam
w Energy los
200j 777777777777777777777 S\ §12* <
= o7 5
£ .
N -4 = <
= | =101 | -
B, 150 o 06 &=
> Lo LN AR AN WO -2 2 £
g %) > 8 105 3
ch 100+ c =
=5 ©
7777777777777777777777777 -1 - 104 =
6 L
o s
50+ B 03 &
777777777777777777777777777777777 08 o} ~ o
T 4r o
0 - 02 WY
77777 \777777777777777777\77777\7777770'6 2+ 0.1
| o A8 *
N | | | | | : / a\ )
50 140 160 180 200 220 240 26%4 0 ! 1410
Emission Time [ns] 69l'(i)me [nz?o 0o

Electron signals from RFA in straight section 4
2

Beam Pulse Electron Signals

4'-'"'”’

Vigp = + 25V

1.5 1

Beam Pulse

courtesy Robert J. Macek

Amplitude (V)

0.5

0 ¥
0 100 200 300 400

Time (ns)
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Beam intensity effects (l)

SPALLATION H[lIIEDH SOURCE

L ik 4
» High beam intensity causes high electron energy gain AE oc A i
» High beam intensity increases multipacting frequency fmum-pacﬁng oc /A
» Space charge slows the growth of electron density inside chamber when
strong multipacting case happens
A [RC /M) =T78 =112x1.0° 14N+39><1 0*N?
400 ! f ! | | -
—— Fitting of simulation | | .
— (©) Slirrl1u£I;ationI o | | '-_ 160 a
€ 3501 =—@= Estimation A I Y T T _N=1'0X1014
B . = N=1.5x10
= 1407 N=2.0x10" |
5 300 = N=2.5x10"
£ = 1200 — N=3.0x10™ ,
— \|— 14
_‘c“ 250 C\C) N=3.5x10
o > 100F
o 'c
@ 200 2
é’ O 80f
2 150 5
3 § 60-
2 =
£ 100 °
x w40
8
o 50
20+
0= 0 L —
0 500 1000 1500 2000

Time [ns]
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Beam intensity effects (ll)

AN

SPMEMIBH H[lIIEDH SOURCE

» Space charge makes the electron density inside beam saturated when strong
multipacting case happens

10 T T T —
—e— Eelectron Wall Current ,*\ *\ 22 E
Line density inside beam ¢ L ¢ N, (@)
=5 10 5
.8 ] .
—~ 102 6 % Swept .%.’.—._"
e 8 -3y (~3.95 s
o 4 © (6.7)(10 )Q L
< © . o
- 7 o .
. 22 T 14 \/ .
€ 10 g 2 .
o e = = e
£ ,.’ g g_ . X
jun } . ‘
O # 5 < - \
= 08 o > .®
s 10+ £ T 012 . r Prompt
- c ‘7, 3 ‘ -3y ~5.15
S o o , (1.34x107)Q
5 -10.6 § . e
) Qo : ‘e
© 1071 ()
w @ .
g 0.01 , -
104 O 3 o
> b
. ‘ ‘ ‘ < T T T T T T T 1
10 25 3 35 4 1 2 3 4 5 6 7 8 910
N (x 104 Q(nClpulse)
SNS, simulation LANL PSR, Experiment, R. Macek
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Energy [eV] & Beam profile [nC/m]

Electron density [nC/m]

600

I\

Important Factors Related to Electron multipacting(1) 4SNS

-
l -l di“al Beam Pr‘n "ail.lrewjk[[

For assumed Gaussian, sinuous &
elliptical beam profile:
» Gaussian  profile  excites  the

strongest multipacting due to long
bunch tail

> Elliptical profile has the weakest

- Real profile

—— Elliptical profile mu TlpGCTi ng

= Sinuous profile

Time [ns]

= Beam profile

== Energy gain by analysis method
—— Energy gain by numerical method
—— SEY

T
N

.
o
3}

350

400

450 500 550 600 650 700
Time [ns]

SEY

— Gaussian pofie > Electron cloud of the real profile is

500 1000 1500 2000 2500

3000 close to that of the sinuous profile

Energy [eV] & Beam profile [nC/m]

350 T T T T T — 2 350 T : : : . . —x2
= Beam profile ’,ﬂ"' = Beam profile )/"\ P
=== Energy gain by analysis method ’W 18 == Energy gain by analysis method ‘J g 18
—e— Energy gain by numerical method N —— Energy gain by numerical method 2

3000 - sEY in 300 :

r M 16 g f 116
ol S |
250 {14 & 250 1.4
| S 2 |
B
41.2 = b 11.2
200 Q200 y
> 1
ST 11
) m
150} o 150
0.8 = 0.8
n 3
100M‘ 106 & 100 108
15}
04 | 10.4
50 50
0.2 0.2
350 400 450 500 550 600 650 70% g50 400 450 500 550 600 650 70%
Time [ns] Time [ns]

SEY



Longitudinal beam profile effects (cont.)

SPMEMIUH H[lITE'DH SOURCE

Electron signals vs. bunch shape
(LANL PSR experiment, courtesy Robert J. Macek, ecloud’02)

Effect of rf Buncher phase variations ED42Y signals for rf phase changes

-0.8

—c301°
—Db291°
—2a281°
—d271°
—_e261°

WC41 Amp (v)

ED42Y Amp (V)

-50 50 150 250 350 450

0 100 200 300 400
Time (ns) Time (ns) rel to WC41
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Transverse Beam Size Effects ﬂé NS

> A Smaller beam Slze contrlbutes SPliaquumDHsnunt[
to stronger space charge field Achamber[NC /] =21 - O.27a[mm]
and hence larger electron energy
gain and stronger multipacting.  p [nC/ em’] = 4.9 elmm]

» Instabilities is sensitive to a.
Small a, strong instability

= 22 : ‘ ‘ 4
c 600 —e— Line density inside chamber
> =0~ Volume density inside beam —_
> = 204 o
C £ 35 €
® 550 R S
3 £ 18¢ Q
— = —_
[ () ,3
5,500 L =
g 161\ @
@®© S ot
O O \ 125
= 450 | o 14 3 S
ﬁ E Y o %)
% oC g 1o 2 S
o 400 > 2
o a Z 2
£ g 10 159
° )
T 350 o @
a £ 8 =]
= | o
@ 300 5 18
5 s ° :
(] ]
Y = ] (&)
S 250 I 05 §
O
3] 9 '8
© 200 'l 'l 'l 'l 6
L 0 20 40 60 80 100

a [mm]
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Flat beam effect on EC distribution
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PSR experimental study----flat beam

LN

SPALLATION NEUTRON SOURCE

> Qualitatively agrees with LANL PSR observation e
» Instability & detector

ED42x,y vs. Time
0 ! | | I | ! ] | |
ED42x !
1 | \:N;L
L
2 ED4 - i
y—

2 Voitage Ratio at peaks=5.84/1.53=3.8

ED42x.y Signal {volts)
o
|

W

| I t ] 1 [ | ] | ]
0 30 60 90 120 150 180 210 240 270 300 330 360

Time in Pulse {(nSec)

A. Browman Two-stream-2000

[ Wana 13th ICFA Mini-Workshob 19/12/2003 2 BNL



Peak SEY and Energy at Peak SEY Y é NS

SPMEMIBH H[lIIEDH SOURCE

E-cloud density inside chamber is a linear function of peak SEY and energy at

peak SEY.

» E-cloud density inside chamber ( and hence Instability growth rate) increases
linear with peak SEY and finally saturates at some level.

» E-cloud density inside chamber ( and hence Instability growth rate) decreases with

the energy at peak SEY.

200

=@— Line density inside chamber

- Volume density inside beam . '~.
180/ L= Y Sl L ...

160

140

120

100

80

60

40

20

Peak electron line density inside chamber [nC/m]

q.? 1.8 1.9 2 21 22 23 24

1000

950

_gOO

Avergae electron volume density inside beam [nC/rﬁ]

Peak electron line density inside chamber [nC/m]

70

=8— Line density inside chamber
=#=\/olume density inside beam

60+

50

40+

30

20+

1 1 1 1 1
840 250 260 270 280

290 300 310 320

Ets [eV]

1100

]

Avergae electron volume density inside beam [nC/
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Electron motion in dipole magnets “éSNS
PhllHI IH#[lITEON SOURCE

» Dipole magnetic field B=(0,By,0)
» Beam electric field E=(Ex,Ey,0)

w

dv
L = ek, /m
dt
1 dE, (dEx j
CcOS wt
_ "B i oB | d
———COS a)t.[ X cos wtdt ———sin ot I X sin wtdt
wB dt? wB dt?
E. 1
v, -

B | B L B , dt

L dE,
oE  dt

> In strong dipole magnet(B~1T for SNS) <<

» Electron motion = gyration motion + translation (cross-field drifting) +
movement along B-field lines

» The Kinetic energy of gyration motion and cross-field drifting is smaller
comparing with the kinetic energy in B-field direction.

[ Wana 13th ICFA Mini-Workshob 19/12/2003 9y BNL



Electron energy gain in strong dipole magnet SNS

a’ a’

AE(X)=-cp or_| (1—X2+lnbj[aG+ I (ln

272'80 oz A

2_y2

1 [me a4 1 V7% X2 b ]
+—cf _[ y_2 Inf I -—-+In 2+y2
2 27te, Oz \[A ,  a a a” a

SPMEMIUH H[lITRDH SULIRU

1 me 04 1 V¥ X? X +y? o
+—cf [ [1-S+mE—=—| I ——|| &
2 2rg, Oz \/ZW a a X +y (|X|<a)

me 8/1 1 b2 \/b2—7 b2 -172 1 \/b2—7
AE(X) — _Cﬂ > J (lnﬁj dy—— '[
27g, 0z A | X ) X" +y 2 9

2y 2 2 -1/2
G= arcsin{ a - X (1 — Xz +1In zb zj ] (|X|>a)
a a X +a
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Electron energy gain in strong dipole magnet ZSNS

=
SPALLATION NEUTRON SOURCE
Ty

0.9+

> —
£ o7 3 [
-'é 'E' 2007 ¢
<" o N
3 G 1504 g
g > =
® o R
£ 04 2 100
% — I
L R

g 0.3} 50
2 g2}
. 5

0.1F |

600 550
L L L L L L 1 i | 500 450
_?00 -80 60 -40 -20 0 20 40 60 80 100 400

= 0
350 X [mm]

X [mm] Time [ns]

Energy gain at the wall surface for different X-coordinates. Left plot shows the
electron energy gain as a function of horizontal coordinate. It is normalized by
the peak energy gain at the chamber center X=0. Right plot shows the energy
gain of direct drifting electrons in SNS dipole magnets with By=7935 Gauss.
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Multipacting in Dipole magnets (By=0.79T) HQSNS

SPALLATION NEUTRON SOURCE

LR 4 \

@ Multipacting happen at the horizontal chamber
center (1 strip, agree with estimation)

@ E-cloud density is than
the drift region

8B
s 8

Energy Gain [¢V]
S o
,-c (=]

(4.}
o

5,507
4 ‘ ) w 6 500 e
==e= Electron inside chamber Time [ns] X [mm]
—o— Electron inside beam s

357 — — Electron loss on wall 5 —
—~ N
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Q <
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= 25¢ = 27
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= 15} = B2
o 2 c w
= S ]
3 5 0
< 1- % 80
Ll 3
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Electron density

Electron density

Bunch current effects on Multipacting in dipol/e

Latizral pesitocen e

7.9x10'° p/b

Electron density

. ) experimental results,
KEKB LER,simulation ECloud’02, CERN, 2002

for short bunch---strip position and lost charge density

SPMEMIUH H[lITEDH SULIR[[

4
Lastoral prssificen frram)

8.6x100 p/b

Effect of a dipole field: 2 strips at
different bunch intensities, CERN SPS

J. M.Jimenez,
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E-cloud in Quadrupole and Sextupole magnets

ol
fist

ey
i

(ks

Allsuap uooa|3 6 w 2

X [mm]

ddle of the pole surface

happens only near the mi

ting

» Weak multipac
- » No Trapping for long bunch! (trap was suspected in PSR, PSR-94-005)

BNL
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Trapping mechanism II- Beam field effect (PRE 66, 036502, 2002) 1/ SNS

SPALLATION NEUTRON SOURCE

L ik 4 ‘\
Invariation value of motion
mv*  mu,  mo? ‘ Positron bunch
W= = + = cons tant
2 2
1 Mirror Point h

Emz)”2 + u, B = const

===> Reflective Points: VU ”:O

Trapping condition
r, >1
rap ) Turning points
_ b v, By mirror field trapping
trap 2 2
r, Uiy + U B, 2
— ULO —

Trap factor is constant if no other force — Lia = O 402 - =constant <1
(except B force) disturbs the electron and L0 T o a5 e emission

smaller than 1.0, no tfrapping
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Trap requirement for positron bunch

Bunch length should be shorter than period of gyration
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Uniform Solenoid effects né NS

SPM[MIBH N[lITEDH SOURCE

» 30G Solenoid field can reduce the e-cloud density with a factor 2000 !
» Zero density within beam
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Solenoid---Conf iquration SNS

SPMEMIUH H[lITRDH SULIRU

__________________________ L L :4_'_'_'_'_'_'_'_'_'_'_'_'_'_L_'_'_'_'_'_'_'_'_'_'_'_'_"»'
PO 000 i QOO @@@———;3————;———
Equal_e olarity 74 Opposzte polamy - 24
configuration confi guratzon P
— v oJoJo 000 Y-
009 OO@ i) RO, Wt N
b >
- 2h 2h
dka <
B, BO—Zsmnthl(nka)ll(nkr)smnkz B, =By— Zsinnthl(nka)ll(nkr)sinnkz
n=I 7 n=135
2h 2ka o0
Bz="5o 7+_me”thl(”k")IO(”"’”)COS”kZ B, = By @ S sin nhkK | (nka) o (nkr) cos nkz
- T
n=1,3,5

B,=50 Gauss, h=04m, a=120 mm, 2 =1 mand 2 m
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SPALLATION NEUTRON SOURCE
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Solenoid effect ------ PSR experiment /SNS

SPALLATION NEUTRON SOURCE

Lk 4 \

» 20G Solenoid field can reduce the e-cloud signal with a factor > 50 !

10£‘
1

0.1

0.01 ‘k/f

l

Amp(V)

0.001

0 20 40 60 80 100
B(G)

Picture of RFA (ED92Y) in a
short solenoid in section 9 electron peak (ED92Y)

Effect of weak solenoid on prompt
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Electrode clearing effect vs. Clearing voltage
(SNS Tech note 128, to be published) ~ WZSNS

SPMEMIUH H[lITRDH SOURCE
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e-cloud density vs. clearing fields

» Weak field(~200V) is very helpful
» Strong multipacting at 12kV, which could be stronger than zero field case
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strong multipacting near the positive

electrode.
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Summary & outlook ﬂé NS

SPMEMIUH H[lITE'DH SOURCE

> Electron motion under beam space charge field is /m/esflgafea’
(Adiabatic invariant, Nonlinear oscillation freguency, electron
enerqgy gain). Mechanism of ftrailing edge multipacting is
clearly explained

» Many factors related to the multipacting has been
investigated one by one using 3D code. The results
gualitatively agree with the our analysis and experiment
studies. Beam intensity, Longitudinal beam profile, transverse
beam size, beam in gap are important.

» Good agreement is achieved between analysis and simulation
for the multipacting in drift region and dijpole magnet

L. Wana 13th ICFA Mini-Workshob 12/12/2003 39 BNL



	Mechanism of electron multipacting with long bunched proton beam ? Theory and Simulation
	Content
	Motivation
	3D PIC Program--- CLOUDLAND
	Particle Mesh technique applied in the Space charge potential solver
	Classification of electron multipacting
	Source of electrons
	Secondary electrons
	Beam space charge field
	Nonlinear Oscillation Period and Adiabatic invariant
	Oscillation amplitude from adiabatic invariant
	Particle motion vs. instability & multipacting
	Energy Gain of straight drifting electron & Mechanism of trailing edge multipacting
	E-cloud in drift region
	Ecloud in PSR
	Beam intensity effects (I)
	Beam intensity effects (II)
	Important Factors Related to Electron multipacting(1)
	Longitudinal beam profile effects (cont.)
	Transverse Beam Size Effects
	Flat beam effect on EC distribution
	PSR experimental study----flat beam
	Peak SEY and Energy at Peak SEY
	Electron motion in dipole magnets
	Electron energy gain in strong dipole magnet
	Electron energy gain in strong dipole magnet
	Multipacting in Dipole magnets (By=0.79T)
	Bunch current effects on Multipacting in dipolefor short bunch---strip position and lost charge density
	E-cloud in Quadrupole and Sextupole magnets
	Trapping mechanism II– Beam field effect (PRE 66, 036502, 2002)
	Trapping mechanism II --- Beam potential effect
	Uniform Solenoid effects
	Solenoid---Configuration
	Solenoid configuration effects
	Solenoid effect ------PSR experiment
	Electrode clearing effect vs. Clearing voltage(SNS Tech note 128, to be published)
	E-cloud distribution at different time for 500V clearing field
	Mechanism of strong multipacting due to clearing field
	Summary & outlook

